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This report includes the most commorfly used U.S. Department of Agricul-
ture, Forest Service, Forest Inventory and Analysis (FIA) statistics. Addi-

tional tbrest resource data caxl be provided to interested users. Persons

requesting additional information from the raw inventory data are ex-
pected to pay the retrieval costs. These costs range from less than $100
for a relatively simple request to more than $2,000 for a complex retrieval

involving the services of a Forest Inventory and Analysis computer pro-
grammer. Requests will be filled so as to minimize the impact on the
Forest Inventory and Analysis Work Unit.

Requests for information may be directed to:

Program Manager
Forest Inventory and Analysis
North Central Forest Experiment Station
1992 Folwell Avenue

St. Paul, Minnesota 55108
Phone: (612) 649-5139

or

State Forester

Michigan Department of Natural Resources
Forestry Division
P.O. Box 30028

Lansing, Michigan 48909
Phone: (517) 373-1275

Area served: Illinois, Indiana, Iowa, Kansas, Michigan,
Minnesota, Missouri, Nebraska, North Dakota,
South Dakota, Wisconsin.

North Central Forest Experiment Station

Forest Service---U.S, Department of Agriculture
1992 Folwell Avenue

St. Paul, Minnesota 55108

Manuscript approved for publication June 20, 1994
1994



FO_WO_

Forest Inventory and Analysis (FIA) is a continuing endeavor as mandated by
the Renewable Resources Research Act of t978. Prior inventories were man-

dated by the McSweeney-McNary Forest Research Act of 1928. The objective of
FIA is to periodically inventory the Nation's forest land to determine its extent,

condition, and volume of timber, growth, and removals. Up-to-date resource
infbrmation is essential to frame forest policies and programs. USDA Forest

Service regional experiment stations are responsible for conducting these
inventories and publishing summary reports for individual States. The North

Central Forest Experiment Station is responsible for forest inventory and analy-
sis in Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska,
North Dakota, South Dakota, axld Wisconsin.

Fieldwork for the fifth forest inventory of Michigan's Southern Lower Peninsula

Unit was begun in September of 1992 and completed in August of 1993. Re-
ports of the four previous inventories of Michigan's timber resource are dated
1935, 1955, 19(36, and 1980.

To aid in determining current timber removals, the Michigan Department of
Natural Resources (MiDNR) surveyed primary wood-using plants in the State.
Aerial photographs used were black and white, infrared taken in 1986 at a scale
of 1:15,840 {nominal). These photographs were purchased by MiDNR and
loaned to the USDA Forest Service.
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Forest Statistics,For Michigan's Southern wer
Peninsula Unit° 1993

Thomas L° Schmidt

HIGHLIGHTS the Census, The data in th_ report are
.subject to change _Jhen {nventonj data for

NOTE: Data fi:om new forest inventories are the enttre State ha_e been compt_ed° ft L_
qften compared with data from eadier tnaento- expected, hou_ever, that any such chan.ges
ries to determine trends fnjbrest resources, wt_ be minor.
However, ,for th_e comparisons to be valid, th.e
procedures used fn the _uo inventories must be Ge_era_
sirnffaro As a T_stttt of our ongoing efforts to
improve the fnventory's efficiency and retfabft- Michigan"s Southern Lower Peninsula Unit (fig.
ity, we have made several changes in proce- 1) is comprised of 35 counties and is the most
dures and defirtiKorks since the _ast Mich(qan hea_fly populated unit in the State,, The region
inventory in 1980o Because some of these is bounded by Lake Michigan, Lake Huron,
changes make ft inappropriate to directly and Lake Erie, which provide international
compare the 1993 data with those published for access for a multitude of products Kom this
1980, data from the 1980 inventory have been region, including a wide array of forest based
re-processed using the cu_ent procedures, products.
Forest inventories compZeted before 1980 have
not been adjusted to reflect current FIA rouen- Ag!Jculture and uffbm:_/industriat development
tory methodotogy and techniques. Compa#ksons dominate land-use and economic activity in
between inventories should be genera_ and southe_-n Michigan. However, forest lazed
used solely for ancdyztng trends° represented 2 ! percent of all ].and in the

Sm_ey Unit in 1.993, and provided economic°

All area and volume data and tables were ecological., scenic, and recreational diversity

based on what existed as of January t, 1993, for the region.
in the Southern Lower Peninsula oF Michigan.
7he time period usedjbr growth, mortality, and As with most forest la_d in this region of the
removals wo_s January 1, 1980, to December United States, the forests in the Southern
31, ] 992. _J_te area of censtas water recorded Lower Peninsula were subjected to intensive
for this unit increased from 198,400 acres tn harvesting during early European settlement°

.I980 to 4,603,400 oLres tn t993 as major tn addition, widespread slash burning and
portions of the Great Lakes were allocated to wildfire, unleashed because of the lack of
the total area for this unit by the U.S. Bureau of adequate fire control, contributed to the

understocking and poor condition of most of
the forest lands by the turn of the t 9rE cen-

Thomas L. Sehmidt is a Research Forester in tury° However° that trend reversed during the
the Forest Invento W and Analysis Program at eaflv 1900_s as regrowth of the forest resource
the North Central Forest Experiment Station, began, in conjunction with organized wildfire
St. Paul, Minnesota. He received a bachelor's control and active forest management. From
degree in forest management in 1976 and a 1935 through 1955, most of the regenerated
master's degree in forestry/land-use planning forest reached sapling to poletimber sizes
in 1981 from the University of Missouri- {Chase and PfeiiEr 11970}. These trees have

Columbia. He received his Ph.Do in continued to grow into larger diameter classes.
agronomy/ecology from the University of Now, the current forest resource is well

Nebraska-Lincoln in t991 and joined the stocked with a wide range of diameter classes.
Forest Service in 1992. The following are a few major highlights from

the 1993 inventory of the Southern Lower
Peninsula Survey Unit.
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Figure 1 °.-Southern Lower Peninsula Survey Unit, 1993.

&tea ® In 1993, the 3 million acres of timberland
represented the highest level of total

® Forest land accounted for more than timberland area since forest inventories

3,053,700 acres In 1993, 21 percent of the began in this Survey Unit {fig. 21. This
t oral land area (excluding water). Of this increase occurred as new forest stands
total, timberland occupied 3,000,700 were established on land previously used
acres, and reserved forest land occupied in other ways, while existing stands con-
53,000 acres, tinued to grow and move into the larger

stand-size classes.

* Timberland increased in area by 20 per-

cent, adding more than 524,000 acres from ® More than 738,000 acres of land were
1980 to 1993. This represents an average classed as nonforest with trees in 1993, an
increase of 40,000 acres each year. Most increase of more than 570,000 acres since
of the increase came from abandoned 1980. These lands have the potential to

cropland and pasture on which trees become forest land ff the existing trees are
became established through either plant- allowed to grow, and if additional tree

ing or natural succession between 1980 invasion occurs.
and 1993,

2
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Figure 2.---Tirnbertand area. by stand-sf:ze class Figure 3.._OwnershLp of timberland in the
fromFbrest Lrtventories of the Southerrt SoLtthem Lower Pen#tsala in 1,993.

_e =,Lower PenLnsLffa #t 19 a, I a(S6, 1980, arid
1993.

, Maple-birch was the dominant forest type

® Area of wooded s_ips decreased between with more than t.3 million acres in 1993.
inventories. In 1980, there were more than The oak-hickory and elm-ash-soft maple

183,000 acres in wooded strips compared forest types were second and third, respec-
to 110,000 acres in 1993. About half of tively. These three forest types accounted
this decline was due to reclassJ.fication of for 90 percent of the total area of timber-

1and in 1993 {fig. 4).some wooded strips that had expanded to
more than 120 feet in width, putting them
into the forest land category. The other ® All hardwood forest types except aspen
half of the decline was due to the removal increased in area of timberland between

of other wooded strips. Where the decline 1980 and t993 {fig. 4). Aspen declined by
one-third in timberland area, falling fromoccurred due to physical removal, it repre-

sents an important loss because wooded 181 thousand acres in 1980 to 121 thou-
sand acres by 1993. The loss of' aspen vcasstrips provide: water quality improvement

by filtering sediments axld other pollutants" probably due to succession as the intoler-
shading for rivers and streams, which ant shorter lived aspen succumbed to old
helps to lower the water :emperature and age and was replaced by longer lived,
improves fish habitat: wildlife habitat and shade tolerant hardwoods that had been
escape cover; soil erosion protection; and present in the understory of undisturbed
aesthetics, stands.

® As in 1980, the group that owned the Foresttype
largest area of timberland was the farmer/ Ma

miscellaneous private individuals group,
with 2.4 million acres in 1993. Miscella- i
neous private corporations were the second • [_1980i I

largest owner group in 1993, accounting Elm-ash-softmaple _1993 I
for almost 260 thousand acres. In 1993, i 1
about 89 percent of all timberland in the I

Unit was privately owned (fig. 3). 1 ii I

® The largest public timberland owner in I/--
1993 was the State, which added substan- _

tially to its timberland ownership between 0 200 400 800 800 1000 1200 1400
inventories, increasing from 150,000 acres Thousandacres
in 1980 to 238,000 acres in 1993. In

1993, the State of Michigan owned timber- Figure 4.--Area of timberland by forest types,

land in 22 of the 35 counties in this Survey Southern Lower Peninsula, 1993.
Unit.
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g ,g.Area of non.stocked amberland has steadi]y _ Most forest types increased in _rowin r.-
decreased Korn a. high of almost 20 percent stock volume bet:ween 1980 and. 1993 [fig.
of all timberlatld in 1955 to less than 1 6). The greatest increase occurred in the
percent in 1993 (fig. 2). From 1955 maple-birch forest type, as more thazl 800
through 1993, the area of poletimber-sized million cubic feet were added during the t3
sta_d_ remained relatively stable. The years between inventories.
major gans in area of timberland by
stadad-size class since 1955 have occur'red

vvdth the sawtimber-size class. By t993,
!,800

sa tm:oe.r stands accounted for 58 percent
of all timberla_do Poletimber and sapling/ 1,600 ['J t980

seedling St3l.rtds represented 22 percent ¢_ _,400 _ 19as
and 20 percent, respectively, of all timber- o 1,200

land. _ 1,00o
©

8OO
Volm_ae o

o_o 600

o Total volu.me of growing stock increased _ 4oo
from 2.6 billion cubic feet in i980 to 4.2 20o

billion in 1993, an increase of more than o

60 percent between inventories. G.rowing
stock increased an average of more than
126 million cubic feet each year°

o Iff_.e hard hardwood species groap ac- Forest types
counted for 50 percent of the total growing-
stock volume in 1993, with more than 2.1
billion cubic feet. Soft hardwoods contrib- Figure 6.---Growing-stock volume by_brest
uted an additional 1.8 billion cubic f_et, 44 _ype, Southern Lower Penf.nsula, 1980 and

percent of the total growing-stock volume 19930
in 1993 {fig. 5).

Timberland averaged more than 1,400

2,5oo cubic feet of growing-stock volume per acre
in 1993, compared to abou.t 1,000 cubic

z,ooo fe.et per acre in 1980. Timberland is
_ t980 [] 1993 _ becoming better stocked with larger trees

-- [ !I as the forests that regenerated in the ea_v.-_1,5oo ........
l_:i:i:i:i:i:!'!:it:!:i:?.!
..................._..,.. 1900's mamreo

= t,000 * Grove'rag-stock volume accounted for 90.2
_ percent of the total volume of all live trees

_[ 500 _ _ in 1993. The remair,Ang 10 percent con-

] sisted of"short-log, rough, and rotten trees
that were classified as live but did not meet0

Pines Other Soft Hard the standards for growing stock.
softwoods hardwoods hard_'voods

Major species groups _ 'The soft maple species group represented
the largest volume of sawtimber with more
than 2.3 billion board feet in 1993. Select

Figure 5.---G_;owing-stock volume for major red oak and select white oak species
.species groups in the Southern Lower groups were second and third in total

Penfnsula, 1980 and 1993. sawtimber volume, respectively, with both
having about 1.7 billion board feet in 1993.
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Grow_:h * Within hardwood species groups, soft
maple, select red oak, and white/green ash

Total gross growing-stock average annual all averaged more than 15 miilion cubic

growth (net growth plus mortality) between feet of growing stock net growth per year
1.980 and 1992 was more than 169 million between 1980 and 1992 (fig. 8).
cubic feet in the Southern Lower Penin-

sula. In comparison, the average annual * Within softwood species groups, red pine
net growth (total gross growth less mortal- and white pine averaged more than 4
ity) for growing stock was 148 million cubic miUion cubic feet of growing-stock net
feet. growth per year between 1980 and 1992

(fig. 9).
From t980 through 1992, average annual

net growth for all species on timberland • Soft maple led all hardwood species groups
was nearly 50 cubic feet of growing stock in average sawtJmber growth, with almost
per acre. This average annual net growth 90 million board feet per year from 1980
rate represented 3.5 percent of the grow- through 1992. White and green ash, select
ing-stock inventory in the Southern Lower red oaks, and select white oaks averaged
Peninsula. more than 40 million board feet of sawtim-

ber growth each year.
Current (1992) net growth for all species
on timberland was nearly 157 million
cubic feet, 9 million cubic feet more than

the 13-year average annual net growth
between inventories.

Yellow-poplar"_

® Soft hardwoods led all major species Blackash" _ _ Averageannualremovals
groups with an average of more than 70 Blackwalnut"

Beech"_ _ Averageannualgrowth
million cubic feet of growing-stock growth Sassafras"
per year from 1980 through 1992 (fig. 7). Hickory"
In addition, hard hardwoods contributed Basswood
more than 65 million cubic feet of growing- Otherhardwoods
stock growth annually between inventories. Cottonwood

Hardmaple --
Blackcherry"

Whiteoak"
Elm"

ao //] Major species groups White&greenash
70 _._ , Redoak

>, -_ '%'% _.'_. _ _. Softmaple

¢L 0%._.._ ;. _. _._.._., _. 0 5 10 15 20 25 30

so _,_,,, _ ,, _ ,, .,, ,,. Million cubic feet per year
._._,_ _,_ <,_x,, ,_.

3o Figure8.--ComparEson ofaverage annual¢_ ._.._,% ;.,_. _.,_.,_._ ,_..

o= 20 ,%,.,,,._"x,x, ',,,,_,,. ,,,,,.,,_'_""_' _,."" hardwood growing-stock growth with
"_ _ ",",",',_ _ _ _ _ _ ",. removals, by species group, Southern Lower

.. ,... ,,_ _ ...._ _ _ Peninsula, 1980-1992.
Pines Other Soft Hard

softwoods hardwoods hardwoods
® Softwood sawtimber averaged more than

59 million board feet of net growth per year
between 1980 and 1992. White pine, with

Figure 7._Average annual net growth of more than 23 million board feet, and red

growing stock for major species groups in pine, with nearly 20 million board feet,
the Southern Lower Peninsulc_ 1980-1992. accounted for 73 percent of all softwood

sawtimber growth between inventories.

I ............ II[[l " 1[ I;-_ .............................



- , Average annual removals of softwood
Jackpine [] Average annual removals growing stock represented 36 percent of

Northern _j Averageannual growth softwood average annual growth from 1980
white-cedaJ. _ through 1992 (fig. 9). Removals of soft-

Whitespruce, wood growing stock were primarily in red
Othersoftwoods pine and white pine.

RedpineI ] o Average annual hardwood sawtimber

removats were 21 percent of averageWhitepine annual sawtimber growth from 1980! t ! ! I 1 ! _ ]

0 o.s 1.0 1.5 2.0 a.s 3.0 3,5 4.0 4.5 through 1992. Most sawtimberremovals
_/titlion cubic feet per year occurred in the select red oak, soft maple,

and select white oak species groups, wit_l
more than 10 million board feet removed

Figure 9.--CompaT_son of'softwood growing-
stock growth with removals, by species annually from each of these species
group in the Sottthem Lower Peninsula, groups.

1980-1992. Mortality

Nemovals , Annually, growing-stock morta]ity averaged
21.5 million cubic feet between inventories.

o Annual growing-stock removals averaged Sawtimber mortality averaged 45.8 million
board feet during this time period. Theseless than 1 percent of total growing-stock

volume and about 22 percent of the annual totals represent annual losses of less than
1 percent of both volumes.net growth volume between 1980 and

1992. During this period, removals aver-
Current growing-stock mortality (1992)aged more than 33 million cubic feet per was 20.6 million cubic feet and current

year. sawtimber mortality (1992) was 46.9
million board feet in the Southern Lower

® Current growing-stock removals were 20.3
Peninsula. Both current morta]ity levelsmillion cubic feet in 1990 {1990 is the
were nearly identical to the 13-year aver-most recent mill survey for the Southern

Lower Peninsula), which was about 12.8 age.

million cubic feet less than the 13-year • Dutch elm disease continued to ravage the
average between inventories, elm species group. From 1980 through

® Average annual removals of hardwood 1992, elm represented almost 20 percent
growing stock represented 21 percent of of all growing-stock mortality, but ae-
hardwood average annual growth from counted for less than 5 percent of the total
1980 through 1992 (fig. 8). volume.

Removals of hardwood growing-stock • Soft maple, elm, red oak, aspen, and white
occurred primarily in the select and other and green ash species groups recorded
red oaks, soft maple, select white oak, more than (30 percent of all sawtimber
white and green ash, and aspen species mortality from 1980 through 1993. Mor-
groups. These species groups accounted tality of these species groups averagedmore than 3 million board feet of sawtim-

for 67 percent of all hardwood growing- ber each year.stock removals each year from 1980
through 1992.
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APPE_NDD_

ACCU_CY OF THE SURVEY area in the Unit° This tabulation shows the

sampling errors for Unit totals. To estimate
Forest Inventory and Analysis (FIA) informa- sampling error for data smaller than Unit

tion is based on a sampling procedure de- totals, use the following formula:
signed to provide reliable statistics at the State
arid Su_ey- Unit levels. Consequently, the (s_) 4"_u_it 'total area or volh_ae)
reported figures are estimates only. A mea- _ = _7fVo|_e or area sr_ler th_ g_tt total)
sure of reliability of these figures is given by

sampling errors. The level of sampling error where:

used by FIA means the chances are two out of E = sampling error in percent
three kha.t if a 100-percent inventory had been SE= Unit total error for area or volume
taken, using the same methods, the results

would have been within the limits indicated. For example, to compute the error on the area

of timberland in the maple-birch type for the
For example, the estimated growing-stock Unit:
volume in the Southern Lower Peninsula Unit

in Michigan in 1993, 4,238.5 thousand cubic 1. Total area of timberland in the maple-
feet, has a sampling error of +_2.19 percent (+ birch forest type fl'om tabIe 3 =
92.8 thousand cubic feet). Based on this 1,300,900 acres;
sampling error, growing-stock volume from a

100-percent inventory would be expected to 2. Total area of all timberland in the Unit

fall between 4,145.7 and 4,331.3 thousand from table 3 = 3,000,700 acres;
cubic feet (4,238.5 _+92.8), there being a one

in three chance that this is not the case. The 3. Unit _otal error for timberland area from

following tabulation shows the sampling errors the above tabulation = 1.29 percent.
for Michigan's Southern Lower Peninsula

Forest Inventory: Using the above formula:

{1,29) _/ (3,000,700)
_tem Unit totals Sampling error 18 = ........... = 4-_ Io96 percent.

Growing stock (Million cubic feet) (Percent)
Volume (i993) 4,238.5 2.19 _/ (1,300,900)
Average annual

growth (1980-1992) 148.1 2.40
Average annual Coex_ W Data

removats (1980-1992) 33.4 11,85
Sawtimber (Million board feet) A standard FIA inventory is designed to pro-

Volume (1993) 13,044.5 2.89 vide sampling errors of no more than 3 percent
Average annual per million acres of timberland. Thus, this

growth (1980-! 992) 518.4 2.90 Unit's 3,000.7 thousand acres of timberland
Average annual required a sampling error of 1.73 percent to

removals (1980-1992) 118.0 13.06 meet national FIA standards. Because the 35
Timberland (Thousand acres) counties in the Southern Lower Peninsula

area (1993) 3,000.7 1.29 were inventoried at a single level of intensity,
sampling errors will increase if data from this
inventory effort are utilized below the unit

As survey data are broken down into sections level. Caution must be used accordingly. The
smaller than Survey Unit totals, the sampling sampling error within an individual county
error increases. For example, the sampling depends on county size and total area of
error for timberland area in a particular timberland.
county is higher than that for total timberland

I i



COMPANING THE F_H INVENTORY OF at the Unit level and prorated back to the
THE SOUTNERN LOWER PENIlgSUIak WITH county on the basis of photo-interpre_ation

TI_IE FOURTH INVENTORY results. Direct development of county-level
data helps users interested in more precise

A new volume esamation procedure has been local data, but can make the outcome of

developed for the Lake States since the last comparisons with past estimates uncertain.
survey conducted in 1980. We used this

procedure to compute the 1993 volumes and SURVEY PROCEI)URNN
to re-compute the 1980 volume for growth
calculations. Although the adjustment will The 1993 survey of Michigan's Southern Lower
differ by species, the re-computed 1980 vol- Peninsula used a growth mode], enhanced,
umes will generally be greater than those two-phase sample design. Using this sampling
shown in the original 1980 report, scheme and associated estimators is similar to

sampling with partial replacement, in that a

Past surveys used only growing-stock trees to set of randomly located plots is available %r
determine stand-size class, Current survey remeasurement and a random set of n eve plots

procedures require that stand-size class be is established and measured. A significant
determined on the basis of all live trees, feature of the new design is stratification %r

Therefore, direct comparisons of current disturbance on the old sample and use of a

inventory data to old inventory data by stand- growth model to improve regression estimates
size class may be misleading, made on old undisturbed forest plots (fig. 10).

Detailed descriptions of the sampling and

The basic building block fbr estimating forest estimation procedures are presented by
area and timber volume has been changed Hansen (1990). The growth model used was

from the Survey Unit {as utilized during the the Lake States Stand and Tree Evaluation

1980 inventory) to the county (current meth- and Modeling System (STEMS) (Belcher eta[.
odology)o In the past, statistics were developed 1982).

m

Newinventoryplots
(selectedfromnewphotogrid) Remeasured

(1/3ofUndisturbed)
m remeasureplotand
Undisturbed-- updatewithSTEMS

integratedSTEiVlS__ plots
inventorydesign Notremeasured

(2/3of Undisturbed)
updatewithSTEMS

Oldinventory Disturbed --
plots -- plots
(transferredfrom remeasureplot
oldphotogrid) m

Figure l O.--Overview of the sample design for the Southern Lower PentnsuIa's 1993 survey.



Majea" Steps i_. tt_.e New S:_zeZ Desig_ variable-radius .plot, and trees less tha=q 5.0
inches d.b.h° were sampled on a 1/300-acre

io Aeri_ photograpl_y {pYiase, l} f_ed-radius plot. The measurement procedure
for both the new and old sample loca_ons was

tn this phase, two sets of random points were as follows:
located on current aerial photographs. The
first set was new photo plots, and the second ao Hew i_ve, ata._Ky plets
set was relocated, old ground plot locations
flrom the 1.980 inventory. Locations of the A random sarnple of the new photo plots was
plots used in the 1980 inventow were trans- selected for field measurement. Ground plots
ferred to the new photographs. The photo- were established, and measures of cuKent
graphs were then assembled into township classification such as land use, forest type,
mosaics, and a systema:_c grid of 121 one-acre a_d ovwnership, as well as size and condition of
photo plot.s (each plot representing approxi-o _lI trees on the plot., were recorded° _Rhese
:mat_ly 190.4 acres) was overlaid on each locations were monumented for future
township mosaic. Each photo plot was exam- remeasurement
ined bly aerial photograrmnetrists and classi-
fied stereoscopically as to its lax_d use. If trees bo Old iz_veatory plots
were present., forest type and stand-size/
densi W classes were recorded° All of"the 1980 These plots were originally established,
ground plot locations were also examined fbr rnonumen:_ed, and measured as part of' the
disturbance (logging, fire, catastrophic mortal- t980 field inventory° Procedures for these old
it?/, etc,.)_ _[%er this examination, all the old plots were diffk:rent f%om those for the new
"disturbed" sample locations and one-third of plots. Old plots were classed as "undisturbed"
the old "undisturbed" forested plots were sent or "disturbed" in the aerial photo phase of the
to the field for survey crews to verify the photo sampling process. Alt dist.urbed plots and a
classification a__d to take :further measure- one-third sample of t!he undisturbed forested

ments. All photo plot locations fbr the 1993 plots were remeasured to obtain estimates of
inven£ory were examined and classified as current condition and changes since the last
shown in the following tabulagion, invento,._fo .All trees measured on these plots

in 1980 were remeasured or otherwise ac-

counted fbr, and all new trees were identified

Photo _and c_ass Photo p_ots and measured.
Timberland 15,955
Reserved forest land 314 All sample plots that were forested at the time
Other forest land 0 of the t980 inventory and determined to be
Questionable 552 undisturbed until the 1993 inventory were

Nonforest with trees 4,357 projected to the cuiTent, time {1993} using
Nonforest without Fees 55,822 STEMS. This procedure gives projected esti-
Water 978 mates of current volume stud growth for undis-

AH classes 77,978 tui)ed plots° Comparison of the pK@ected and
observed values on the one-third sample of the

undisturbed %rest plots that were remeasured

2, Plof_ xr_easul'eme_gs [Phase 2) provided local calibration data to adjust t.he
projected values of the undisturbed plots that

On plots classified as timberland, wooded were not remeasured. The adjustment proce-
pasture, or windbreak {at least !20 feet _vqde), dure is a modified version of the method

a ground plot was established, remeasured, or described by Smith {1983).
modeled. Old plots sent to the field for
remeasurement that could not be relocated Undisturbed forested plots that were not

were replaced -with a new plot at the approxi- remeasured played a crucial role in the new
mate location of the old one. Each ground plot sur_eey design. These plots, after careful
consisted of a 10-point cluster covering t acre. comparison of past and current aerial photog-
At each point, trees 5.0 inches or more d.b.h, raphy, were determined to be undisturbed and
were sampled on a 37.5 basal area factor had conditions that could be simulated by

I



}faje_ " Steps in the New Sztr_¢ey Design variable-.radius plot and trees !ess than 5.0
inches d_b.ho were sampled on a 1/300-acre

1o Aerial phetog_°aphy {Phase t) fLied-radius plot The measurement procedure
fbr both the new and old sample lo,.::aLions was

tn this phase, t_;'o sets of random points were as follows:
located on current aerial photographs. The
first, set was new photo plots, and the second a_ New l_r.¢e_tory plots
set was relocated, old ground plot locations
from the t980 inventory. Locations of the A random sample of"the new photo plots was
plots used in the 1980 inventory were trans-- selected #or field measurement Ground plots
f%rred to the new photographs. The photo-- were established, and measures of current

graphs were then assembled into township classification such as land use, fbrest type,
mosaics, and a systematic grid of 121 one-acre and ownership, as well as size and condition of

photo plots {each plot representing approxi- all trees on the plot, were recorded° These
matety 190.4 acres) was overlaid on each locations were monumented fbr future
township mosaic. Each photo plot was exam- remeasurement
ined by aerial photogrammetrists and ctassi--
fled stefeoscopically as to its land use. If trees _5, O!d ir_ve_tory plots
were present forest type and stand-size/
densil)_ classes were recorded. All of the 1980 These plots-were originally established_
ground plot locations were also examined for monumented, and measured as part of t__.e
disturbance (logging, fire, catastrophic mortal.._ t980 field inventory. Procedures fbr _.h_s_. old
ity, etco)o _a_ter this examination, all the old plots were difi%rent from those _br' the new
"disturbed" sample locations and. one-third of plots_ Otd plots were classed as °'undisturbed"
the old "u.ndisturbed" .forested plots were sent or "disturbed" in the aeri_ photo phase of"the
to the field for survey crews to verify the photo sampling process. Att disturbed plots a__d a
ciassificatAon and to take further measure- one-.third sample of the undisturbed forested

_ plots remeasured to ob_in estimates ofments., All photo plot locations fbr the ._99o were
inventory were examined and classified as current condition and changes since the iast
shown in the fbllowing tabulation° inventory. All trees measured on these plots

in 1980 were remeasured or otherwdse a.c--

counted for, and all. new trees were identified

Photo ]and class Photo pk)ts and measured°
Timberland 15,955
Reserved forest land 314 All s__ple plots that were forested at the time
Other forest land 0 of the 1980 inventory and determined to be
Questionable 552 undistur'bed until the 1993 inventory were

Nonforest with trees 4,357 projected to the current tirne (1993} using
Nonforest without trees 55,822 STEMS° This procedure gives projected esti-
Water 978 mates of current volume and groweJ_. R?r undis-

All classes -7-7,97"--_ turbed plots. Comparison of the projected and
observed values on the one-third sample of the
undisturbed fbrest plots that were remeasured

2o Plot messy'smelts (Phase 2) provided local cNibration data to adjust the
projected values of ffrle undisturbed plots that

On plots classified as timberland, wooded were not remeasured. The adjustment proce-
pasture, or windbreak (at least ! 20 feet wide)° dure is a modified version of the method
a ground plot "was established, remeasured, or described by Smith (1983).
modeled. Old plots sent to the field for
remeasurement that could not be relocated Undisturbed forested plots that were not

were replaced with a new plot at Lhe approxi- remeasured played a crucial role in the new
mate location of the old one, Each ground plot survev design. These plots, after careful
consisted of a 10-point cluster coverk_g 1 acre, comparison of past and current aerial p hotog--
At each point, trees 5.0 inches or more d,b.h, raphy, were determined to be undisturbed and
were sampled on a 37.5 basal area factor had conditions that could be simuiated by
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STEMS. The STEMS growth model was used 3o _ea estimates
to "grow" the old plot and tree data to produce
an estimate of current data. Thus, these plots Area estimates were made using two-phase
were tceated as ground plots, even though they estimation r:aeth_ods, tn this type of estima-
were never visited. The ptot record %r each tion, a preliminary estimate of area by land
modeled plot was sent to the field for verifies- use is made f;com the aerial photographs
tion of current ownership infbrmation. (Phase 1) and corrected by the plot measure-

merits (Phase 2), A complete description of
All old plots classified as disturbed were sent this estimation method is presented by
to the field for remeasurement to assess and Loetsch and Haller (1964). All area estimates

verify changes since the last inventory. Dis- were based on what e_sted as of January 1,
turbance referred to any change on a plot that 1993, in the Southern Lower Peninsula of
was detected on aerial photos and that the Michigan.
STEMS growth processor could not predict,
such as catastrophic rnortality, cutting, seed- 4. Volu_e estimates
ling stands, and/or land use change.

Estimates of volume per acre were made from

The estimation procedure for computing the trees measured or modeled on the 10-point
statistics from this sampling design was more plotso Estimates of volume per acre were
complicated than the simple two-phase esti- multiplied by the area estimates to obtain
marion procedure used in the past. In fact, estimates of total, volume. Volume estimates
this procedure yielded two independent were based on what existed as of Jmnuary 1,
samples, one coming .from the new photo i993, in the Southern Lower Peninsula of
points and the other fkom the old photo points Michigan° Net cubic %or volumes were based
that were remeasured or modeled° The/bltow- on a modification of the method presented by
ing tabulation summarizes the distribution of Hahn (1984} for use m the Lake States. For
all ground plots for the new inventory design the Southern Lower Peninsula inventory, the
by type of plot: merchantable height equation presented was

used in conjunction with Hahn's board foot
volume equation (adapted from. Stone's equa-
tion--Hahn t984) to estimate gross volume.

Ground mand Old plots O_d plots New Total
use class remeasured updated p]ots plots

Timberland 506 233 165 904
Reserved forest [and 6 0 47 53
Nonforest with trees 137 64 58 259

Nonforest without trees 1,543 1,455 606 3,604
Water 40 33 43 116

Total 2,232 1,785 919 4,936
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This estimate was then corrected by species Current annual grow_1%r 1992 was com-

for variation in bark and cull volume to yield puted by using the adjusted STEMS model to
an estimate of net volume {Hahn 1984). grow all current inventory plots for I year. All

growth and mortality estimates were based on

The Forest Service reports all board :foot growth and mortality through December 31,
volume in International 1/4-inch rule. in 1992, in the Southern Lower Peninsula of

MiChigan, the Scribner log rule is commonly Michigan.
used. Scribner log rule conversion factors

were derived from fl_lll tree measurements 6. Average annual reraovals estimates
taken throughout the Lake States (Michigan,

Wisconsin, and Minnesota) and an equation Average annual growing-stock and sawtimber
developed by Wiant and Castenaeda (1977). removals (1980 to 1992) were estimated onty

Factors, or multipliers, that can be used to from the rerneasured plots; new plots were not
convert board foot International volumes to the used to estimate removals. These estimates

Scribner rule are shown in the %llowing are obtained from trees measured in the last

tabulation: survey and cut or otherwise removed Kom the
timberland base. All removal estimates were

D.b.h. Scribner rule conversion factor based on removals through December 31,

{inches) Softwoods Hardwoods 1992, in the Southern Lower Peninsula of
Michigan. Because remeasurement plots

9.0-10.9 0,7830 _ make up about one-half of the total ground
11.0-12_9 .8287 0.8317 plots, average annual removals estimates have
13.0-14.9 .8577 .86t 1 greater sampling errors than volume and
15.0-16.9 .8784 °8827 growth estimates.
17.0-18.9 .8945 .8999
19.0-20.9 .9079 .9132 Tree and Log Grades
21 o0-22.9 .9168 .9239
23.0-24.9 ,9240 .9325 On approximately one-third of the sample
25.0-26.9 .9299 .9396 plots in Michigan's Southern Lower Peninsula,
27.0-28.9 .9321 .9454 all sawtimber sample trees were graded for

29.0+ .9357 .9544 quality and assigned either a lx°ee grade [hard-
woods) or a log grade (softwoods), Tree and log
grades were based on the evaluation of exter-

5. Growth a_d mortality estimates nal characteristics as indicators of quality.
The volume yield by grade for this sample was

On remeasured plots, estimates of growth and used to distribute the volume of the ungraded
mortality per acre come from the remeasured sample trees by species group. Hardwood
diameters of trees and from observation of sawtimber trees were graded according to
trees that died between inventories. Growth "Hardwood tree grades for factory lumber"

reported as the average net annual growth (Hanks 1976). The best 12-foot section of the
between the two inventories (1980 and 1992) lowest 16-foot hardwood log was used for

was computed from data on remeasurement grading. Hardwood sawtimber trees that did
plots and modeled plots using methods pre- not meet minimum tree grade specifications
sented by VanDeusen et at. (198(3)o Mortality tbr grades 1 through 3 were assigned grade 4
was also reported as average annual for the according to Forest Service standard specifica-
remeasurement period. On new plots, where tions for hardwood construction logs described
trees were not remeasured, estimates of in "A guide to hardwood log grading" [Rast et

growth and mortality were obtained by using al. 1973). Red pine and jack pine sawtimber
STEMS to project the growth and mortality of trees were graded based on specifications
trees for 1 year. Growth and mortality esti- described in "Forest Service log grades for
mates for old undisturbed plots that were southern pines" {Campbell 1964). White pine
updated were derived in the same manner as and other softwood sawtimber trees were
remeasured plots. The STEMS growth model graded according to specifications described in
was adjusted to meet local conditions, using "Sawlog grades for eastern white pine
data from the undisturbed remeasurement (Ostrander and Brisbin 1971). For all soft.-

plots. As with volume, total growth and woods, the first merchantable 16-foot log, or
mortality estimates were obtained by multiply- shorter lengths down to 12 feet, was used for
ing the per acre estimates by area estimates, grading. 11



Hardwood Tree Grades for Factory Lumber a

G_ade factor Tree grade Tree grade Tree grade
1 2 3

Length of grading zone (feet) Butt I6 Butt t6 Bu_ I8

Length of grading section b (feet) Best 12 Best t2 Best 12

D.b.h., minimum (inches) 16c 13 11

Diameter, m]nimum inside bark at top of 13c 16 20 tld 12 8
gradhg section (inches)

Clear cu_ings (on the three best faces) e
Length, minimum (feet) 7 5 3 3 3 2
Number on face (maximum) 2 2 3 (f)
Yield in face _ength (rain}mum) 5/6 4/6 3/6

Cuil deduction (including crook and
sweep, but excluding shake) 9 gg 50
maximum within grading section
(percent)

(Hanks t 976).
b :_;W,,.enever a t 4- or i G_oot section of the butt 1GJoot _og ks better tI_u_n the best 12¢oot section,

the grad_ o.f the torwe7 section wttt become the grade oj the _:ree, ThLs l.o_wer sect_z_rt, uyh_en
used, is the basts ;fbr determining the gradtng j;actors.

c fn bc_sswood and ash, diameter inside bark (d.Lb.) at t_D ojgrarJ_ng section rn_.zst be 12 _nches
and d.b,h, mu_st be 15 inches°

d Grcu-Ic 2 _rees can be t0 trudges d.Lb. at _op of grading sectto11 tfoth_*,rwL_e meeting suGC:ace
reqatrernents jbr srnaftt grade..t 's.

e A ctear cutting _s a portion of a face j?ee of dejects, exten.dtng the u,ff.dth of the face. Ajace is
one:_Courth @ the surface of the grad#_g section, as divided lenqtYnwLseo

J UnKmited.

g .b_fteen perceT_t crook and sweep or 40 percent total cull dedaction are perm.ftted b_.grade 2, _"
s_ze and surface, of gradbE_ sectton qu.alify as grade i. _J_rot shortens the required c_ec_r cuttings
to the extent _ dropping the butt taq to grade 2, do not drop the tree's grade to 3 unless the cu_l
deduction Jot rot Ls greater than 40 percent,
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Forest Service Standard Specifications for Hardwood Construction Logs
{Tie and T_mbergogs)a,b

Position in tree Buttsand uppers

Minimum diameter, small end 8 inches +

Minimum length without trim 8 feet +

Clear cuttings No requirements

Sweep allowance One-fourth small end d.i.b, for each 8 feet of
length. One-half d.i.b,for togs 18 feet longo

Sound surface defects:

Single knots Any number, if no knot has an average
diameter above the callus in excess of one-
third of the log diameter at point of
occurrence.

Whorled knots Any number, if the sum of knot diameters
above the callus does not exceed one-third
of the tog diameter at point of occurrence.

Unsound defects:

Surface Same requirementsas for sound defects if
they extend into includedtimber. No limit if
they do not.

Interior None permitted except one shake not more
than one-third the width of contained tie or
timber, and one split, not over 5 inches.

a These specifications are minimum for the class. If, from a group of logs, factory
togs are selected first, thus leaving only nonfactory logs from which to select
construction logs, then the quality range of the construction logs so selected is
limited, and the class may be considered a grade. If selection for construction
logs is given first priority, it may be necessary to subdivide the class into grades.

b (Rast et al. 1973).
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